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MANUFACTURE OF FRICTION PARTS
BY USSR POWDER-METALLURGY METHODS

CORROSION -RESISTANT METAL -CERAMIC MATERIALS WITHE IRON BASE -- Moscow, Vestnik
Mashinostroyeniya, Mar 52

Many metal-ceramic /powder metallurgy/ articles (filters made of bronze
Pellets, porous bearings, magnets, friction parts, contacts, and others) are
being widely utilized in industry.

Corrosion-resistant metal-ceramic materials are of great interest in the
production of various kinds of sealing parts, which are used, for example, in
fittings, in aircraft engines, etc. However, these materials have not been
#tudled, and practically no data on their properties and methods of production
4are to be found.

The writer has conducted research (with v s, Rakovskiy, Candidate of Techni -
cal Sciences, as a conaultant) investigating the properties ang developing a
method for the production of corrosion-resistant metal-ceramic materials.

The studies were conducted by using an 1ron powder (obtained by reducing
drnzz with hydrogen) having a grain size from 30 to 120 miecrons, with most of
the grains approximating the lower iimit in size. Cylinder: 15 millimeters in
diameter anéd hO millimeters high were made f.-om the iron povder by pressing and
were then subjected to sintering with concurrent chromizing. Three methods of
chromizing were used: solid, s0lid in the presence of chromium chlorides, and
gaseous. .

Foil owing chromizing, the structure of the specimens was studied; hardness
and corrosion-resistance of the specimens were determined, as well as thiciness
of the chromium layer .
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Experimental samples of chromized seal rings were then mide and subjected
to technological tests after being set into fittings.

Solid chromizing was conducted in the following manner (Figure 1): Specimens
made of the compressed iron powder were placed in a porcelain tube, and the tube
vas filled with crushed chromium; the tube was then placed in a furnace. One end
of the tube was closcd with a stopper, the other by means of a hydraulic seal.
The process lasted for U4 hours at a temperature of 1,200 degrees centigrede.

Figure 1. Untt for solid chromizing: (1) rubber atopper; (2) chromium;
{3) specimens; (L) porcelain tube; (5) water.

Solid chromizing in the presence of chromium chlorides was effected in an
analogous manner, the only difference being that the contents of the tube were
impregnated with hydrogen chloride for 5 - 10 minutes before being placed in the
furnace, after which both ends of the tube were sealed.

Gaseous chromizing was conducted in accordance with the conventional method
in a hydrogen chloride medium.

The average thickness of the diffusion layer obtained by the different chro-
mizing methods 1e characterized by the following figureg:

Hethods Millimeters
™n solid chrcmizaing 1.0
In solid chromizing in the presence of
chromium chlorides 1.9
In gasecue chromizing 3.5
.2 .
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Figure 2 shows photographs of the specimens following chromizing.

Figure 2. Depth of chromium diffusion layer: {a) in solid
chromizing; (bl 1n chromizing in the presence of
chromium chlorides; {e¢) in gaseous chromizing.
Etched with a S-percent solution of )mos,
For further investigations, the method of eolid chromizing in the presence
of chromium chlorides was selected. The influence of the duration and temper-
ature of the process, the grain size of tne original powder, and the extent of
' sealing during compression on the thickoess of the chromized layer and on the
properties of the articles was determtred. The results so obtained are.shown -~ | -
in Figure 3, &, and 5. As can be seen “rom these curves, the depth of the layer -~
increases with increased duration of the chromizing process und with decreased
compression pressure. The depth of the layer of some of the polished specimens
was measured after etching i1n & S-percent solution of HNQO,¢ while the depth of
the layer on other specimenr wAs 3etermined by their tenrp;r colors after they
had been heated in a furnace for 15 minates at h0O degrees centigrade.
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Figure 3. Effect of chromizing duration on the depth of the
diffusion laysr:s (1) depth of nhe entire chromized
layer; (Z) depth »f Yiaht (not etched) chromized
layer. Temperature ol impregnation, 1,150 degrees
centigrade.
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Figure . Effect of chromizing duration on change in weight

l of the specimens: Temperature of impregnation,

( 1,150 deprees centigrade. o -- after etching,

] % -- after heating.
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\ Figure 5. Effect of compression pressure on depth of dif-
fusion layer- Temperature of impregnation, 1,150

| degrees centigrade; duration of chromizing, 9

hours.

\ Porosity (characterized by change in weight of the specimen) at first
increases sharply, owing to the burning out of the admixtures and reduction of
iron oxides, and then decreases gradually as & result of diffusion of ch~ mium
into the compressed specimen

Grean ci1ze of the powder has no substantial effect on the depth of the layer.

Subsequently, distribution of chromium accarding to the depth of the diffu-
sion layer was investigated. The specimens were coiupressed under a pressure of
I tons per square centimeter and wsre then chromized at different temperatures
{for 5 and 3 hours). Then, chips of 9.5-millimetler thickness were cut in layers

from the specimens, and the chromium content within each layer was determined.
The results thus obtained are shown in Figure &
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Figure 6. Change of chromium concentration according to depth

of diffus.qn layer: (1) time of chromizing, 5 hours;
temperature, 1,200 degrees centigrade; (2) time of
chromizing, 5 hours; temperature, 1,150 degrees centi-

grade; (3) time of chromizing, 3 hours; temperasture,
1,050 degrees centigrade.

The nature of the curves is the same as 1in the case of diffusion-chromized
steel, with the only difference that in the curve cbtained for steel there is a

point of more pronounced change in chromium concentration, corresponding to the
1 limit of the o< Y phases at the diffusion temperature.

Curves 1 and 2 show that the point corresponding to an abrupt change in
chromium concentration, that is, the limit of corrosion resistance, is located

at & depth of 3 millimeters. This depth permits almost any mechanical processing
of the chromized metal-ceramic articles without danger of altering their corro-
sion properties, whereas chromized steel can be subjected to only light polishing.

Studies of the micrestructure of the specimens have shown that the daiffusion
layer consists of an &~ solid solution of chromium in :iron, containing at the
surface 30 - 40 percent chromium. Under this layer is a transition zone with a
12 - 1k percent chromium content, corresponding to the Y~ phase of the Fe -- Cr
structural dlagram; this zone is lecs susceptible to etching than the base metal
(iron). VUnder this is the base ferrite. The characteristic features of chromized
metul -ceramic materials are = less pronounced division between individual layers
than in the case of ordinary chromized steel, and a change of porosity in cross

section. Relatively, the least porosity is found in the diffusion layer, while
the highest 16 present within the transition zone.

Figure 7 shows the microstructure of one of the specimens.
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Figure 7. Diffusion layer and transiticon zone: Magnified
50 times; time of chromizing, 6 hours; temper-
ature, L ,100 degrees centigrade; water quenching
from 1,100 degraes centigrade.

Thereafter, corrosion tests were carried out, the specimens tested being
chromized throughout. The specimens were cubjected to the action of a 10-percent
solution of nitric acid et room temperature and at boiling point for a period of
72 hours. Results of the tests are shown in the following table.

Reiative Loss Qf Weight

Test Conditions in (g/59m)

1.0-Percent Solution Metal-Ceramic Stainless Steel
of HHO, Svecimens Specimens

Room temperature (25 degrees centigrade) 0.08 0.62
Botlling point 0.16 1.2

It must. be borne in mind that the actual! corrosion-resistance of chromized
metal-ceramic specimens 1s considerably higher than that characterized by data
shown in the above table, because 1n the latter case, only the outside surface
was coneidered (without taking 1nto account the surface of pores).

On testing porous specimeéns not chromized turoughout, intensive corrosion
occurs, awing Lo penetravion cf the acid solution into the pores and pitting of
the 110n component.

With vespect to atmospheric action, the specimens fully chromized, ss well
as those partially so, were found te be very stable. For exampls, specimens
stored for a S-year period in a room whére chrogme heat treatment was carried
out showed no signs of corrosion.

)

To ascertain the possibility of producing nonporous metal.ceramy articles,
the spucimen:, after being chromized, were lmpregnated with molten copper (Figure
8) ¢r with Bakelite resin (Figure 9). !n beth instances, the pores were com-
pletely filled.
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Figure 8. Microstructure of specimen impregnated with
copper. Magnified 100 times.

Figure 9. Microstructure of specimen impregnated with
Bakelite resin. Megnified 100 times.

The materials obtained were tested for tensile strength. Test data are
shown in following teble

Specimens Impreg- Specimens not
Characteristice nated With Copper Tmpregnated
ay [Tensile strength” {tokilogrnas per L0 -- 50 Up to 10

square millimeter)
o /Bpecific Elongaticn/ (in percent) 0.5 -- 7.0 -

For det.ermination of techu..logical characteristics, an experimental batch of
seal rings for a valve of a steam fitting (with the through hole 50 millimeters
in diameter) was produced. After chromizing, the seal rings were impregnated
wvith Bakeiite resin (impregnation with copper required mechanical processing).
The rings inserted into the valve groove were rolled in (Figure 10), while those
in the valve body were rolled out (Figure 11).
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Figure 10. ®itting the ring into the vaive:

(a) before rolling
in: {b) after rolling in.

\ _

I
b

(a) before
rolling out; (b) after rolling out.

\ Figure 1i. Fitting the ring into the valve body:
The technological tests conducted at the plant have shown the feasibility

of producing geel fittings from tron powder with subsequent chemical heat treat-

ment with chromium. However, industrial production of the seal fittings must be

preceded by research work on the problem of imparting greater plastic properties
to the rings; this can be atteined by selec

tior: of a suitable impregnating com-
pound and by heat treatment .

Figure 12 shows the seal rinas after chromizing and polishing.

A
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Figure 13 shows 8 valve with a rolled-in ring.

The method developed for production of corrosion-resistant metal-ceramic
articlez does not require the designing of new equipment;

A it 18 based on equin-
ment now being used in powder merallurgy.

Tats method can he used to protect
metal-ceramie articles (made of ironm powder) from atmospneric corrosion apd also,

in chemical machine building, to produce filters vach operate in corrosive media
and at elevated temperatures

RBIMETALLIC METAL-CERAMIC (POWDER METALLURGY) PARTS -- Moscow, Vestnik
Mashinortroyeniya, Mar 52

Utilization of methods of powder metallurgy for the production of metel -ceramic
(powder metallurgy) bimetallic antifriction parts affords a number of advantages.

‘Imese methods meke 1t pos+<ible o produce antifriction parts with a layer of po-
rous metal  Because of tne pores {from

O to kO percent), this layer wears in
well and will retain a reserve of lubricant.

Powder-metallurgy methods iend themselves well to the production of anti-
friction compositions {1ron and graphite, bronze and graphite, etc.) which cannot
be menufactured by other methods and of bimetallic parts with high friection prop-
arties (as a result of adding such components as silicon oxide, esbestos, iron,
cinders, etc., to the cumposinon) Moreover, the need for machining paits (8
obviated, and a large saving of nonferrous metal is attained.

Antifriction and friction bimetallic parts are prc uced by powder-metallurgy
methods according to one oif the foliowing plans-

/Rew U iiowing page. /
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Preparastion of Mixture (raw materials:
powlers of iron,. copper, tin, lead,
graphite, silicon oxide, asbestos)

Pressing of Pressing of Sintering of Pressing of ; ,‘& .
briquette briquatte sprinkled layer iron layer !
on steel base

Sintering Sintering Pressing Sintering
under pres-
sure, together
with steel base

Fastening to Processing Final sintering " Pressing of
steel base (grinding) antifriction
layer
Plan TI
Processing Processing Sintering
(grinding) ' ('bend:n,gj
machining)
Plan I Plan ITT
Sizing
Flan IV

These plans differ mainly in the methods of bonding the metal-ceramic layer
to the steel base. For production of bimetallic metal-ceramic parts, plans III
and IV are of most significance.

Research conducted at the Orgavtoprom Institute (Ali-Union State Institute
of Automobile Technology) has made 1t possible to develop the technology of
manufacturiag bimetallic metal-ceramic parts {thin-wall linings and bimetallic
bushings) by the two plans mentioned above.

The process of manufacturing thin-walil . linings for bearings consists of the
following operations:

1. Preparation of the Mixture
The mixture 15 made up of powders of copper (70.5 percent), lead oxide
{29.0 percent), and graphite (0.5 percent). After biending in a mixer for 5-6
hours, a homogeneous mixture .15 obtained.
2. Application of a Layer of Fowder on the Steel Base and Primary Sintering
The powder mixture 1s sprinkled on the previously tin-plated surface of
steel blanks or strip. Sintering takes place at & temperature of ThO-7G0 degrees
centigrade for 4%5-60 minutes
3 Compression of the Sintered Layer
Compression is accormplished at a pressure of from 1.5 to 3.5 tons per

square centimeter (depending on the .equired porosity of the antifriction layer)
on presses (if blanks are desired) or by means of rolling (if a strip is desired).

- 10 -
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4k, Secondary Sintering

The procedure is the same as in primary sintering.

5. Impregnstion With 0il

Porosity of the metal-ceramic layer of a fully sintered blank varies

within the range of 5-15 percent. To improve antifriction properties, the layer

16 impregnated with oil in an oil bath at 110-120 degrees centigrade for 1-1.5
hours. :

6. Final Processing

The blanks for the lining are subjected to bending and machining. Bend-
ing is done in dies; machining of the metal-ceramic layer consists of boring or
broaching. The layer camnnot be ground, becsuse in so doing, abrasive particles
would enter the outer pores of the metal-ceramic material.

When powder-metalliurgy methods are used in the production of thin-wall
bimetailic linings, only one-fifth to one-fourth as much nonferrous metal is

reauired, and the labor consumption in manufacture is decreased two or three
rimes.

The second vlan for the production of bimetallic perts 1s applicable to
bearing bushings oply

In the production of bimetallic metal-ceramic bushings, it must be remembered
that the Joint must be strong enough to withstand pressure fitting of the bushing;

and the torque, caused by shaft friction, must not produce streases exceeding the
elastic iimit on the contact layer. :

Caliculations, as well as research and experimental work that have been con-
ducted, have substantiated the feasibility of manufacturing bimetallic bushinge
from powder with strongly bonded layers. {Shear stresses in pressing out the
inner layer amount to k-5 kilograms per square millimeter.)

A strong Joint is assured by creating stresses during pressing and by rough-
ness of the contact layer. In regard to the reguirement that the layers be
sintered at different temperatures {720 degrees centigrade for the bronze layer
and 1,X00 degrees centigrade for the iron layer), the process of manufacturing
a bimetallic bushing is subdivided into two operations; one for producing the
outer (iron) bushing ard the other for making the inner antifriction bronze layer.

The technology develoned for manufecturing such bushings includes the follow-
ing operatlons: .

1. Safting of the Inivial Powders

Sifting must ensure the retention of definite percentages of different
fractions ain the powder. The recommended composition of the powders in regard
to grain srze is shown in the fcllowing table .
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Grain Size Fraction Contents of Powders
(1n meshes) (in %)
4100 Up to 30 - --
-100 ~ $150 30 - 35 Up to 10 --
-150 — 4200 18 - 25 20 - 25 Up to S
-200 -~ 4325 10 - 15 20 - 25 20 - 35
-329 10 - 20 0 - b5 60 - 80

" Preparation of the Brounze-Graphite Mixture

For the production of a bronze layer, a mixture of powders.is used which
has the following composition: 87 percent copper, 10 percent tin, and 3 percent
graphite powder, Mixing 1s done in ordinary mixers for 4-5 hours.

3 Measuring Out the Tron Povder and Pressing of the Iron Bushing

The iron powder can be measured out either by volume or by weight.

4. Sintering of the Tron Bushings

Thie opeéravtion is performed in furnaces filled with a protective atmos-

phere {(nitrogen-hydrogen mixture, hydrogen, Or generator gas) at a temperature
of 1,050-1,100 degrees centigrade The sintering process lasts for 1.5 hours.

It is recommended that sintering be done in continuous-operarion furnaces equipped
with a condenser.

5. 8izing of Iron Bushings

The sintered bushings are sized in special diecs to give them their final
Adimensions.

6. Press Fitting the Inner Bronze Layer into the iron Bushing

Tre iron bushing is placed in a die and the compressed bronze layer and

iron bushing are press fitted together, The bronze layer is pressed at a pres-
sure of 1.3-1.5 tons per square centimeter

‘7. Sintering of the Inner leyer

The pressed dbushing,consisting of two layers, Ls sintered at & temper-
ature of 720-ThO degrees centigrade for 1-1.5 hours. Tht process takes place
erther in a protective atmosphere or in boxes containing activated carbon.

e

& Impregnation With O1i

The sintered bimetaliic bushing 1 impregnated with 1. i egnation

conditions exre as follows: temperature of o011 bath, 110-120 degrees centigrade;
duration, one hour; cooled in the o1l

1 .
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9. Sizing of Bimetellic Bushings

25X1

The finished bushings sre sized to give them the required dimensions

and surface finish.

Sizing of bushings with respect to their inner and outside diameters

is done in a sizing die.

It must be pointed out that bimetallic bushings can be produced not only
with an internal but also with an external antifriction layer by powder-

metallurgy methods,

-END -

- 13 -

RESTRICTED

Approved For Release 2003/09/03 : CIA-RDP80

0

-00809A000700220211-8 __




